Introduction
Various authors (1, 2, 3, 9) have reported that tritiated water as applied to plant roots does not fully exchange with water of various aerial organs, particularly leaves, even after long period of observation. This incomplete equality between tritium concentration in tissue water and external sources has been attributed to an inaccessible component of tissue water which does not exchange (2) . In this report this hypothesis is tested experimentally.
Data reported here were obtained by use of THO for appraising the pattern of movement and distribution of tritium in sunflower and tobacco. Influx and efflux of tritium were measured in stems and leaves of intact plants and transpired vapor in both open and closed systems.
Methods
The plants used were grown in a controlled environment chamber at 200, 3000 ft-c (0600-1800 hours) and selected in the manner previously reported (7) .
Measurement of THO in Shoot Tissuies. Influx and efflux of THO were followed in intact 30-day-old sunflower plants (Helianthus annuus) raised from seed in tritiated nutrient solution (THO-grown plants) and also in plants raised from seed in water without added tritium (HHO-grown plants). In addition, influx and efflux of THO were observed in detached shoots of THO-grown plants cut beneath the surface of the THO solution.
At harvest time the tissue water was captured during freeze-drying and its tritium activity determined by liquid scintillation. Tissues analysed included stem segments, the midvein and first-order lateral leaf veins, and the residual leaf-blade material between the second-order veins (hereafter referred to as mesophyll).
When an intact plant was being studied, the root system was blotted with filter paper and the leaves were removed at the stem end of the petiole with a razor blade. The petioles were then severed at the base of the leaf blade. The entire stem and attached 1 Revised manuscript received September 3, 1964. root system were then segmented into 2-cm pieces by 1 stroke of a multibladed knife with the end blade positioned at the cotyledonary node. The leaf blades were then dissected with a sharp razor blade to separate the midvein and the first-order lateral veins from the mesophyll, which of course contained numerous higher-order veinlets. Immediately after stem segmentation and leaf dissection, the portions of tissue were stored separately in tightly-corked cylindrical (15 X 45 mm) vials. The vials of tissue were then frozen in dry ice for storage. The entire process required about 4 minutes.
McDermott (6) observed that in some cases the water content of plant tissues depends on the method used for cutting the tissue. Therefore, 1 trial was made to determine the effect of cutting technique on the amount of tritium in the tissue water of plants exposed to a THO solution in the light for 6 hours. Leaves were dissected under 3 conditions: A) after the petiole was severed at the base of the blade; B) with the leaf still attached to the stem; and C) with the leaf frozen on a block of dry ice and dissected while still frozen. Since tritium content was not affected by the cutting condition, the multibladed dissection system was considered to be reliable.
Measurement of THO in Transpired Vapor. A fully grown 80-day-old flowering tobacco plant (Nicotiana rustica) raised in tritiated nutrient solution in the controlled environment chamber was sealed in a 9-liter glass chamber supplied with 800 ft-c of incandescent light. Air, predried with 3 dry-ice freeze-out fingers and 2 P205 columns, was coursed through the chamber at various speeds and periods. The transpired water vapor was captured periodically by passing the outgoing current of moist air through a series of freeze-out tubes submerged in dry ice. figure 2 . Greater detail of the rate of THO equilibration of stem tissue is offered in figure 3 .
Generally, in all segments influx and efflux were more rapid at the 8-cm height than at the 24-cm height. Tritium concentrations, however, at both heights in stems and veins exceeded those of the mesophyll after 24 hours. While mesophyll concentrations reached about 55 % of the external tritium concentration, those in the stems, and veins to a lower degree, tended to equalize with it. This observation confirms earlier findings (1, 2, 3, 9) . A longer study showed that the radioactivity of whole leaf tissue (veins plus mesophyll) did not exceed 75 % of external activity even after the roots of the plants had been in tritiated water for 8 days (fig 4) .
Similar results to those presented in figure 2 were obtained if THO-grown plants were transferred to nonlabeled solution for 24 hours and then returned to a tritiated solution. (fig 8) show that the lack of equilization of the leaf tissue water must be caused by dilution of tritium in the leaf with unlabeled atmospheric vapor. The following mathematical development shows the logic of this conclusion.
Transpiration is known to be proportional to the difference in vapor pressure between the leaf and the atmosphere (5). The net transpiration rate (T) represents the difference between outward diffusion (d1) and inward diffusion (d2). Each component is proportional to the vapor pressure at its source. Therefore, transpiration is predicted by:
where p1 and P2 are respectively the vapor pressures in the leaf and the atmosphere (at the 2 ends of the diffusion path) and R is the resistance of the path, assuming a proportionality constant that is identical regardless of the direction of diffusion.
Under steady-state conditions, when transpiration equals absorption, tritium concentration of the leaf does not vary with time, the following relation holds: Under conditions where P2 is near zero, the steadystate concentration of tritium in a leaf should approach the external concentration. This is confirmed in figure 7 , where the shoots were continuously exposed to predried air. In the case of 80-day-old THO-grown tobacco plants (fig 5) Some measurements of plant temperature were made during the investigations reported here. Leaf temperature was measured when the composition of the transpired vapor was determined. Two hours after noon, when the transpiration rate was decreasing rapidly, an increase in temperature of 2°occurred (fig 7) . At the same time the tritium content of the transpired vapor increased substantially.
The above discussion, supported by our observations that in a closed system leaf mesophyll can equilibrate with external tritium concentration around the roots (fig 7) and that an excised leaf will completely lose its tritium content to saturated HHO water vapor (fig 8) , contradicts the hypothesis that a sizable fraction of leaf water is inaccessible to turnover.
Summary
The distribution of tritium in a sunflower plant in light with roots in tritiated water was studied as a function of time. During one 12-hour light period, concentrations of tritium in the stem tissue and petioles of mature leaves approached equality with the concentration of tritium in the nutrient solution.
The approach to equality was much slower in the terminal several nodes and the internodes that were still elongating and in leaf tissue that was still expanding. The apical 2 some of these acids have been reported to have deleterious effects (8, 11, 21 ).
In the work described below slices of potato tuber were mounted as cantilever beanms following various treatments. Their deflection under their own weight was observed and interpreted using the theory for an elastic, uniformly-loaded cantilever beam (20).
Materials and Methods
All of the chemicals used were reagent grade and distilled water was further purified by passing it through a reagent-grade, mixed-bed resin column. Potato tubers were purchased at local markets and were stored in a refrigerator at about 5'. Some hours to a day or so before being used they were placed in distilled water in the refrigerator. Tubers
